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SUMMARY

1. S i g n i f i c a n t concentra t ions of PCB ' s were found In fish from the KalamazooRiver In the v i c i n i t y of ((alamazoo during a July-August 1971 survey(Hes se a n d W i l l s o n . 1 9 7 2 ) .
2. Samp l i n g of w.itcr, Industr ia l and munic ipal eff luents , sctt loablc sol ids ,and bottom sediments within the Kalamazoo area was conducted during 1972In an attempt to Iso late sources of the PCD contamination.
3. Portage Creek is a major contributor of PCD ' s as Aroclor 1242 to the

Kalomaioo R iv e r in the Ci ty of Kaliimazoo vic in ity. The source of PCB ' s ,wi t h the poss ib l e except ion of Intermittent discharges from the ReedStree t s torm sewers, ar i s e s from the Bryant Hil l Ponds' sediments andfrom an All ied Paper Corporation settl ing bas in discharge between Alcottand Cork Streets .
4. The sediments 1n the Bryant Mi l l Ponds contained PCB levels up to 368ppm. PCB's In these sediments are available for leaching to the water ofPortage Creek. When the ponds were drained In July 1972 , many sedimentsfrom it were washed downstream, contributing to the PCB enrichment ofPortage Creek by expos ing these sediments to additional water surface,erosion and decomposit ion.
5. The d i scharge of an Al l i ed Paper Corporat ion sett l ing basin contained

extremely high levels of PCB' s , up to 65 ppb as Aroclor 1242.
6. Another s ignif icant source of PCB contribution to the Kalamazoo RiverIs the d i scharge from the Kalamazoo HWTP. Sampling Is currently beingconducted in the sanitary Interceptor system to Isolate and Identifypoint sources.
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INTRODUCTION
Polychlorinated biphenyls (PCB ' s ) have recently received considerable attention
as an environmental contaminant because of their persistence and chronictoxlclty In an aquatic ecosystem (Rlsebrough and de Lappe, 1972 ) . PCB' s havebeen commonly used as plastlclzcrs, flame retardants, Insulating and heatexchange fluids, hydraulic fluids, and as Ingredients In carbonless paperand printing Inks (Reynolds, 1969; Broadhurst, 1972).
Structurally related to DOT, PCB's behave similar to DOT chemically In being
relatively Insoluble In water, but very soluble 1n liquids (Nlmmo, et al, 197 1 ) .Consequently, low levels of PCB' s In water from Industrial sources accumulateIn fish and other aquatic animals to levels that may be unsafe for human
consumption (Stall ing and Mayer, 1972) .
The Water Resources Commission (NRC) July-August, 1971 Kalamazoo River biologicalsurvey pointed to the presence of very significant levels of PCB's In fishcollected from certain sections of the Kalamazoo River (Hesse and Hll lson, 1972 ) .
The report Indicated that the primary sources of PCB input Into the KalamazooRiver system were from the cities of Kalamazoo and Battle Creek.
In 1972 , further sampling was conducted In the vicinity of the City of Kalanazooto Identify possible sources of PCB loss to the environment. This report coversthe 1972 Investigation.



METHODS
Three types of sami' lrs were col lected for PCD analysis 1n
t h i s report : s e t l l cab l e so l i d s , sediment (grab and core) and water
(yrab and compos i t e ) .
Sr l t l c . i b l e s o l i d s were col lected In 200 mcj glass stoppered, wide mouth bottles
(1 cm. d i a . ) . The l-ottles were suspended approximately one foot below thewater surface and left In the stream eight days before collection.
Soft bottom sed iments composed of organic matter, si lt and clays, were collected
In bott l e s ident ica l to those used for sett leable sol Ids. Core sediment sampleswere co l l e c t ed by dr iv ing a length of one Inch diameter electrical conduit Into
sof t s ed imen t s , cork ing the end open to the atmosphere and removing the conduit
from thr scilinwts. The core was then extracted from the conduit, with the use
of a p lunger- l i ke appara tu s , measured, sectioned and the Individual sectionsplaced in glass stoppered bottles. Care was taken to reduce cross contaminationbctvern sampl ing s i tes w i th the sampler by rinsing the conduit between core
soph's and by prctak ing several core samples at a site before keeping one
for

Valor samples were collected in one gallon glass jugs with teflon lined caps.One hunJrcd ra l l l i l i t ers of hexane was added to the jug prior to collectingthe sarplc to act as a PCB extractant . Stream and Industrial sampling wasaccompl i shed by Wat e r Resources Commiss ion personnel from either the Distr ict 3(Grand Rap i d s ) O f f i c e or the Water Qual i ty Appraisal Section (Lans lng) as
ind icated on each appropriate table.
AH samples were analyzed by the Water Resources Commission Pesticide Laboratory
in Lam ing by gas chromatography. Both Aroclor 1242 and 1254 were used as •
ana ly t i c * ! standards for each sample.

SAMPLING AND RESULTS
On Apr i l 20, 1 9 7 2 , water samples were collected from the discharges of several
industries In the Kalamazoo area considered to be possible PCB users. Inadd i t i o n , sanples were col lected from Portage Creek at Michigan Avenue .and fromthe f i n a l eff luent of the Parchment Wastewater Treatment Plant (WWTP). Portage
Creek rece ives eff luents from several Industries including two paper mi l l s In
the v ic in i ty of the Bryant Mi l l Ponds (Figure 1). The results of the analysesshow that the PCB concentrat ions were below the limit of detectablllty for
al l locat ions except Portage Creek which contained 0 .47 parts per bill ion(ppb) as Aroclor* 1242 (Table 1). (*Aroclor 1s a registered trademark of the
Monsanto Company) .
To delrifilne comparative PCB concentrations over a period of time, settleable
so l i d s samplers were placed on Hay 17, 1972 , at four locations 1n Portage Creekand six In the Kalamazoo River in the vicinity of the City of Kalamazoo (Figure2). Af t e r e ight days exposure the sett leable sol ids were collected and analyzed.
Sign i f i cant concentrations of PCB' s , ranging from 0 .23 to 2.63 parts per million( p pm ) , occurred at all the sample s i tes except two upstream from the Oryant Mil l
Po'Ms In Portage Creek (Table 2). The PCB' s present appeared to be largelyAroc lor 1 2 0 4 in the Kalamazoo River above Portage Creek, Aroclor 1242 in Portage
Creek anrl an equal mixture of both downstream from the confluence of Portage Creek
and the Kali inuzoo River . This data corresponds well with the results of PCD
ana lyses conducted on fish col lected from the Kalamazoo River In 1971 (Hesse andHi l l son , 1 9 7 1 ) . The results also tend to verify the suspicion that the Bryant
Paper M i l l Ponds between Cork »nd Alcott Streets were holding PCB containing wastes1n their sediments from previous paper recycling operations Involving carbonless
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paper and pr ng Inks (Chester Harvey, Personal Cor.inunlcation).
On Ouly 1, 1 9 7 2 the City of Kalamazoo opened the gates of the Bryant Dam atAlcott Street to drain the Bryant Ponds In connection with a municipal project.
Shortly after the ponds had been drained, several water and sediment samples
were collected from Portage Creek and other suspect discharges to the Kalamazoo
River . Although s ign if icant PCB levels were present 1n sediment samples fromthe lower Bryant Pond, 6 . 53 ppm, the Lake Street s ite which is farther downstream
was much higher, 25 .45 ppm (Figure 1 and Table 3). This may be explained in
part by the previous drain ing of the Bryant Ponds and poss ible subsequent down-
stream transport of the more highly contaminated sediments. Water samples takenfrom Portage Creek at the face of the Alcott Street Dam (the gates had beenclosed on July 6 and tho Bryant Ponds ref i l led by July 12, 1972) and at Michigan
Avenue displayed a low upstream ( 0 . 1 6 ppb) and high downstream J3 .60 ppb) PCBconcentration s imi lar to the sediment samples (Table 3). This twenty foldIncrease In concentration could be explained by the PCD contaminated waterflowing In slugs received from an Intermittent discharge, by the water accumulating
PCB' s In proportion to the distance it flowed over contaminated sediments, or
by another source of P C B ' s enter ing Portage Creek downstream from Alcolt Street .The level of PCB's In all the remaining water sair.ples collected on July 12, 1972were below the l imit of detoctabi l i ty (Tab l e 3).
In an effort to check on poss ib le po ints of PCB Input to Portage Creek betweenAlcott Street and Michigan Avenue, storm sewers on five streets were se lected,with the assistance of Kalamazoo WHIP personnel, and sampled on .'jly 25, 1972.At only one street, Alcot t , were the storm sewers vis ibly discharg ing IntoPortage Creek. The PCB concentrations in the Alcott Street storm sewer waters
were below the limit of detectabi l i ty (Table 4). Both of the Reed Street stormsewer samples had high concentrations of PCB ' s . However, s ince both wer* oartially
submerged and a discharge was not d iscern ib le , it is quite probable that thewater col lected was largely Portage Creek water. A s imi lar s i tuat ion ex i s tedfor the Uryant Street storm sewer due to broken walls that allowed PortageCreek water to flow Into the sewer. Water samples collected from Portage Creekat four other street locations from Stockbrldge Street downstream to the
Kalamazoo River contained consistently high concentrations of PCB ' s ranging from0.9 ppb to 1 .3 ppb (Table 4).
Sediment collected from the east side of the lower Bryant Mil l Pond contained
very high levels of PCB' s , 50.28 ppm, as did sites downstream at Alcott, Bryant,Reed and Stockbrldge streets which ranged from 1 1 . 6 4 to 26 .30 ppm (Table 4).A very small discharge was observed from one storm sewer that opened to PortageCreek from the Nest side of Lake Street. Sediments collected from the sewercontained high levels of PCB's (Table 4), but It Is probable that the sedimentswere deposited in the sewer from previously high water levels In Portage Creek .Subsequent Invest igat ion Indicated the sewer drains only a short section ofa residential street.
The storm sewer outfalls Investigated on July 25 were reexamlned on August 31,but s ince the discharge condit ions had not changed from the previous sampl ing,none of the sewers were resampled.
Water samples were collected again on August 31 from sites In Portage Creek
and the Kalamazoo River In Kalamazoo. The results of the Portage Creek samples
Indicate that high PCB levels from 0 . 1 5 to 0 .59 ppb were present from the Alcott
Street Dam to the Kalmazoo River (Table 5). The PCB level in the Kalmazoo Riverat Michigan Avenue, upstream from the confluence with Portage Creek, was belowthe limit of detectability, but two downstream sites near Mosel Street had highlevels, 0.28 and 0.45 ppb. Indicating the Influence of Portage Creek and possibly
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the ka l dmo/oo WWTP on PIB contaminat ion of Hie river (Figure 2 Table 5).
Previous e ight hour conposlto sampling of the Kalamazoo HMTP final offlunnton March 2(1, June 6 and June 7, 1972 Indicated high levels of Aroclor 1212
( 1 . 7 0 * . l . ?2 flnd 1 . 00 ppb respectively) were being discharged to the Knl.imazoo
River via the IVUTP outfa l l . (*Aroclor 1254 was also present in this sample.Thi s would resu l t in a s l ight ovcrest(nation of the Aroclor 1212 value) .
Two outfal ls to Portage Creek above the upper Bryant Mil l Pond were also
s.ii-plcil on August 31. A 30-inch sewer entering the cast side of the creekfrom the Norton Drive area had considerable discharge but no detectable PCB ' s .SUyhtly upstream and across the creek a 2-inch (polyvinylchloride pipe)
discharge VMS sampled as an outfal l of a diked Al l i ed Paper Corporation settl ingli. isin. Although it was not a large discharge, the PCB concentration was extremely
h i g h . S6 pph, i n d i c a t i n g a pos s i b l e s ign if i cant source of PCB input to Portage
Creek (Tab l e 5) .
Sediment core samples were taken from four locations in the Bryant Hill Ponds.Hi oh concentrat ions of PCB ' s . up to 368 .7 ppnv appeared in specif ic layers inthe profi le of each core sample (Table 6). At three of the locations the PCB
r ich layer VMS at the top of the prof i le , but at the fourth location near the
Alco t t Street Dam, the rich layer was at the six to eight Inch depth.
On November 20, 1972 the outfall from the Allied settling basin was resampled.The two inch p las t i c pipe had been replaced with an eight inch steel pipe, but
the PCB concentration remained extremely high, 65 .0 ppb as Aroclor 1212.
The Kalamazoo UWTP interceptor sewer system was sampled on December 6, 1972, tol o c s t c sources of PCB input . Eight hour composite samples from five of the
main interceptor trunks plus the VIUTP's raw Intake and final effluent.wereco l l ec ted . The results Indicate that Aroclor 1254 was the predominant PCBform present (Table 7) unlike the previous results from the March and Juneeff luent samples . Samp l i ng is being continued on the interceptor trunk linesto further isolate sources.

DISCUSSION
A comparison of the results of the April 20, Ouly 12, July 25 and August 31samp l i ng ind icate a def in i te pattern to the PCB levels In Portage Creek. ThePCB concentration in the water «t Cork Street upstream from the Bryant HillPond on July 12 and August 31 (cO.l and cO.l ppb, respectively) and at theAlcott Street dam face on the same dates (0 . 16 and 0 . 15 ppb respectively)ind i cate that the PCB input from the Bryant Mil l Pond sediments and the All iedPaper Corporation settling basin discharge 1s fairly constant (Tables 3 and 5)except when the contaminated sediments are washed from the ponds.
The bottom sediments In the upper and lower Bryant Hill Ponds appear to act asa signif icant reservoir of PCB's for the Portage Creek system. A layer ofh igh ly contaminated sediment probably exists throughout the ponds. The highestconcentration found in a core sample is over six times higher than one ofthe highest concentrat ions reputed in the literature, 61 .0 ppm In Escambla River,
Florida (Niimo, et_ a_l_., 1971 ) . x
The sites downstream from Alcott Street appear to have the highest levels ofPCB' s in the water at the time of the drawing down of Bryant Mil l Ponds, andthen recede to pre-drawdown levels as the sediments In the stream were leachedof P C B ' s . This is best exemplified by the water samples collected from theMichigan Avenue site which contained 0.47, 3.60, 1 .30 and 0.59 ppb PCB's on April20, July 12 (following drawdown), July 25 and on August 31, 1972, respectively.
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Since there ^_r\o known PCB Input from storm sewers downstream from Alcott
Street to Lake Street, 1t 1s probable that the increase in concentration with
distance is a factor of the contaminated sediments releasing PCB' s to the water.
Hisbet and Saroflm (1972) util ize the similarity between the properties of DOT
and PCB' s to fornulate the conclusion that most PCB ' s released intofresh waters are adsorbed onto bottom sediments. A possible mechanism for the
release of the adsorbed PCB' s from sediments Is Indicated by Hamcl lnk , et. al.
( 1 9 7 1 ) . They state that the amount adsorbed (DOT and metabolites) is largelydependent on the organic matter content of the sed iments . Therefore, a reduction
in organic matter content of the sediments by Increased decomposition in the
stream would tend to release adsorbed hydrocarbons, such as PCB ' s to the viater.The mechanism for PCB uptake by the water is probably equi l ibr ium d i ffus ion .
The impact of Portage Creek ' s PCB discharge on the Kalamazoo River Is masked some-what by the close proximity of the Kalamazoo VIWTP discharge, an addit ional sourceof PCB input. However, the PCB concentrations discharqed from Portage Creekare so high that the contribution to the Kalamazoo River must be cons idereds ign if icant .

Field work by; Jon Lauer, Aquatic BiologistRoger Przybysz, Water Qual i ty Investigator
Dennis Swanson, Aquatic Biologist

Chemical Analysis by: James Bedford, Chemist
Report by: Jon Lauer, Aquatic Bio log i s tWater Qual i ty Appraisa l Section
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Table 1. PCD v^cntratlons 1n water grab samples collected In the City ofKalaiiiazoo and vicinity of HRC District 3 personnel, April 20, 1972.

Location
PCB concentration In ppb,
Aroclor 1242 Standard

Brown Paper CompanyWhite Hater DischargeParchment Mill IIParchment Mi l l 12Storm Sewer Discharge
Checker Cab Company Discharge
Consumers Power Company Discharge,Kalamazoo
Edward Street Storm Sewer,KJ lama zoo
Portage Creek atMichigan Avenue, Kalamazoo

: 0 . 10: 0 . 10: 0 . 1 0
: 0 . 10
: 0 . 1 0

; 0 . 1 0

0.47



ToMc 2. t'Cll concentrat ions in settlr. ible oolids coUnclcd in th'' lily ofKalamazoo and vic in ity by WRC Hater Quality Appraisal onncl,
Hay 17 - 24, 1972 .

PCO concentration In ppm
.La colic ri _
Kalanazoa River

35th Street
Golc sburg
R i v e r Street
Ccristock
Mich in . j n Avenue
Kalamazoo
PaUerson Avenue

Mosel Street
Parchment
0 Avenue
Kalamazoo Twp.

Portage Creek
HI) ham Rd. ,
Portage
Cork Street, .
Kalamazoo
Reed Street ,
Kalamazoo
Mich igan Avenue,
Kalamazoo

Wet Weight
Grams

32 .0 •

1 6 . 0

1 1 . 4

16 .9

23.5

6.0

10 .9

20.5

28.0

1 7 . 5

Aroclor
1242 Standard 1254

0.44

— - 0.23

---- 0.56

1.09* 0.42*

0.89* 0.36*

V.08* 0.40*

—— 0.03

.... 0.05

1.33

2.63

•The presence of both Aroclor 1242 and 1254 In these samples would result In
a slight overestinwtion of the values.

Table 3. PCD concentrations In water and sediment grab samples col lected f>..«:var locations 1n the City of Kalamazoo and vicinity by WItC District3 pe>xflnel. July 12, 1972.
PCB concentration
Aroclor 1242 StandardLocation ' __

The Upjohn CompanyCool ing Water Discharge toPortage Creek
Allied Paper Corporation* Hon.irch Discharge toPortage Creek
HydrccoDischarge toKalamazoo River
Consumers Power CompanyMorrow Plant

Cooling Hater Dischargeto Kalamazoo River
Portage CreekCork Street

Alcott Street (from face of Bryant Dan)
Michigan Avenue

Oavls CreekLake Street
Sediment from Portage CreekLower Bryant Mill Pond

: 0 . 1 0

: 0. 10

• o . i o

:0 . 10

0. 16
3.60 v/

<0 . 10
(ppo wet weight)6.53

Lake Street 25.45



Table 4. TCB concentrat ions in water and sediment grab samples-—electedfrom Portage Creek by WRC Water Qu.l l i ty Appraisa l personne l , July
25 , 1 972 .

Locat ion
PorUnc Creek llater Samples

Alco t t Stree tk'est Sewer
East Sewer

Bryant Street• last Sewer
Reed Street

•Wes t Sewer
•C.ist Setter

Stockbr idge Street
Lake Street
Crosstown Parkway
Mich igan Avenue

Portage Creek Sediment Samples
Lower Bryant Mi l l Pond
Alcott Stree t '
Dryant Street
Reed Stree t
Stockbr i dge Street
•Lake Street (West Sewer)

PCI) concentration
Aroclor 1242 Standard

(ppb)

< 0 . 10
< 0 . 10

0 .59

0 .42
1 .20
0.90
1 .00
1 .00
1 .30

(ppm wet weight
50.2R* *
26.30
1 1 . 64
24.85
18 .78
12 .05

•Portage Creek water and sed1i«nt probable source of PCD contamination. See
text for deta i l s .

"Aroclor 1254 was also present 1n this sample. This would result In a slight
overest lmation of the Aroclor 1242 value.

Table 5. PCI) , ntratlons 1n water samples collected from various loc-itionsIR thiTtUy of Kalamazoo and vicinity by HRC Water Quality Appraisal
personnel, August 31, 1972.

PCB concentration
Aroclor 1242 StandardLocation ___ ____ fpb) ______

Portage CreekCork Street ' ..
Upper Bryant M1 1 1 Pond (upstream end)
Alcott Street (from face of Bryant Dam)
Bryant Street
Reed Street
Stockbridge Street
Michigan Avenue

Kalamazoo River - . .
Michigan Avenue
Mosel Street (Upstream 300 ">. )(Downstream 300". ) ,

Discharges to Portage Creek30" storm sewer from Norton Drive Area2" discharge- from All ied Paper Corp. settling basin

0 . 10
0 . 10
0 . 15
0.42
0.48
0.22
0.59

0. 10
J.280.45

0. 1056.0'

•Aroclor 1254 was present 1n all the samples. This would result In a slightoverestlmatlon of the Aroclor 1242 value.


